Introduction: Small cell lung carcinoma (SCLC) is an aggressive pulmonary neoplasm of neuroendocrine origin. Keratins form a large group of intermediate filaments, which are major structural proteins in epithelial cells and carcinomas. SCLC shows a wide spectrum of keratin expression, from very strong to completely negative. A prognostic role of keratin expression in SCLC is unknown. Material and Methods: Tumor tissue microarray samples from a unique series of 82 SCLC patients who underwent pulmonary resection were stained with keratin specific antibodies AE1/AE3 and CAM5.2. The percentage o1f positively stained cells and their staining pattern (diffusely membranous, partially membranous and dot-like) were evaluated. The median expression value was used for the distinction between keratin-negative and -positive patients. Overall survival in respective groups was compared using the logrank test. Multivariate Cox proportional hazards regression analysis was performed adjusting for age, gender, tumor site, tumor stage, and tumor histology. Results: edian expression of AE1/AE3 and CAM5.2 was 80% and 90%, respectively. Five cases were completely negative for AE1/AE3 and three for Cam5.2. Median overall survival for patients with stronger and weaker AE1/AE3 staining was 24.7 and 13.8 months, respectively (p=0.019). There was no difference in survival in relation to the CAM5.2 expression (p=0.44). In multivariate analysis adjusted for CAM5.2, T and N stage, gender and age at diagnosis, stronger AE1/AE3 expression was an independent predictor of increased survival (HR 0.50; 95% CI, 0.27-0.94; p=0.031). Conclusion: High expression of AE1/AE3 is a favorable prognostic factor in surgically treated SCLC. The applicability of this finding to a typical patient population treated with non-surgical methods warrants further studies.
INTRODUCTION
Small cell lung cancer (SCLC) represents around 15% of all bronchogenic neoplasms, and is characterized by early dissemination and rapid tumor growth. Surgery used to be the standard management of patients with early disease until the late 1960s, with very poor outcomes due to early dissemination (Kirklin et al.,, 1955) . Surgery for SCLC was generally abandoned after a study of the British Medical Council had shown that fewer than 2% of patients survived for more than two years after resection (Fox & Scadding, 1973) . Subsequently, after cyclophosphamide and a number of other cytotoxic drugs had been found to improve survival in SCLC, chemotherapy became the mainstay of SCLC treatment (Green et al.,, 1969; Morstyn et al., 1984) . However, surgery has remained an option for highly selected low stage patients, with relatively good outcome (Hamilton et al., 2016; Yang et al., 2017) . Despite the high response rates to chemotherapy, prognosis for SCLC patients has remained poor, with a median survival of only 12-14 and 9 months, for limited and extensive disease, respectively (Waqar & Morgensztern, 2017) . Further studies on the biology of this disease are warranted to develop new therapeutic strategies. Numerous studies suggest that SCLC is not a uniform disease (Grand et al., 2013; Sabari et al., 2017) , including subsets of patients with different characteristics (Yashiro & Matsuoka, 2015) .
Keratins are a large family of proteins expressed in the epithelial and epidermal cells where they form a cytoskeletal structure. Keratins form intermediate filaments which constitute a characteristic feature of epithelial cells. The keratin family includes more than 80 types of heterodimer-forming proteins, including one molecule of type I and another of type II keratin (Karantza, 2011) . Normal epithelial cells usually show a specific keratin profile typical for various histological types of epithelia. Carcinomas usually retain the keratin expression pattern of the original cell, and in many of them the aberrant expression of some keratins is associated with poor prognosis (Czapiewski et al., 2016; Fillies et al., 2006; Govaere et al., 2014; Makino et al., 2009; Oue et al., 2012) .
SCLCs express numerous types of keratins and show substantial variability in the intensity of staining. Despite their epithelial origin, some SCLCs are keratin-negative (Righi et al., 2017) , which may sometimes cause clinically relevant diagnostic errors. The expression of keratins in SCLC is significantly lower than in the large cell neuroendocrine carcinoma (Nagashio et al., 2010) and nonsmall cell carcinoma (NSCLC) (Nobuhiro Kanaji et al., 2011) , and the prognostic role of this feature in SCLC has not been extensively studied. AE1/AE3 is the most widely used antibody cocktail to detect cytokeratin expression. AE1 detects the high molecular weight keratins 10, 14, 15 and 16, and the low molecular weight cytokeratin 19. Clone AE3 detects type II high molecular weight keratins 1, 2, 3, 4, 5 and 6, and the low molecular weight keratins 7 and 8 (Ordóñez, 2013) . CAM5.2, another antibody used in this setting, reacts only with Ks 7 and 8 (Hsu et al., 2010) .
Our patient population, one of the largest series of this type described in the literature, was unique as it included SCLC patients who underwent pulmonary surgical resection.
Our study focused on the occurrence and prognostic role of the broad-spectrum keratin expression in SCLC.
Patient population. This study used archival formalin-fixed, paraffin-embedded tumor samples from 97 limited disease SCLC patients who had undergone lung tumor resection over a period of 20 years, between 1982 and 2002. In this unique series, surgery was the first treatment option due to difficulties in preoperatively obtaining a reliable biopsy material for histopathological examination, and SCLC was only diagnosed at the time of resection. All patients underwent tumor resection and mediastinal lymphadenectomy and were administered one of the standard chemotherapy schemes. Only 4 patients received prophylactic cranial irradiation (PCI) and 2 patients received thoracic irradiation after surgery. Patient Performance Status (PS) was assessed in 35 patients, patient T and N status was assessed based on surgical pathology report.
Tissue microarray preparation. On each formalin-fixed, paraffin-embedded block, a morphologically representative SCLC area was microscopically identified by an experienced pathologist. To this end, a hematoxylin and eosin-stained section on a glass slide served as a guide. Tissue microarray (TMA) was constructed using manual TMA I Beecher Instrument. For each patient, from two up to four 1.5 mm cores were taken from various tumor areas.
Immunohistochemistry. Immunohistochemistry was performed using ready to use primary monoclonal antibody against cytokeratins (clone AE1/AE3, DAKO, Glostrup, Denmark; clone CAM5.2, Ventana, Tuscon, Arizona, USA) on automatic detection platforms (Autostainer Link 48, (Dako) and Benchmark GX (Cell Signaling Technology, Danvers, MA, USA, Ventana). Pretreatment with heat-induced epitope retrieval was performed using Dako PT Link (Code PT100/PT101) with EnVisionTM FLEX Target Retrieval Solution, High pH (pH. 9.0, Code K8004).
Positively stained cancer cells were quantified, and the results were provided as percentages. In addition, the prevalent staining pattern was also evaluated: dotlike for cytoplasmic staining in the peri-Golgi apparatus (type 1), partially membranous for membranous staining of incomplete membrane circumference (type 2), and completely membranous circumferential for diffuse staining of the whole cell membrane circumference (type 3). Representative cases of the above-mentioned staining patterns are shown in Fig. 1 . All cases were evaluated independently for each staining by two experienced pathologists (P.C. and A.G.).
Statistical analysis. Stata 8 was used for all statistical analyses. Group comparisons were conducted using two-sided Pearson's chi-square tests for categorical data 
RESULTS

Frequency of AE1/AE3 and CAM5.2 expression
AE1/AE3 and CAM5.2 expression was evaluated in all 82 patients. The average and median expression of AE1/AE3 was 66% and 80%, respectively. A threshold of 80% was used for the distinction between negative and positive cases, resulting in 40 (49%) and 42 (51%) of low and high expression cases, respectively. The average expression of CAM5.2 was 75%, and the median was 90%. With a threshold of 90%, 45 (55%) and 37 (45%) patients were assigned to low and high expression groups, respectively. AE1/AE3 and CAM5.2 expression was not correlated with age, sex, tumor size, T stage, N stage and PS (Table 1) .
Keratin staining patterns
Five cases were completely negative for AE1/AE3. Among the positive cases, seven (9%) showed predominantly type 1 staining, 29 (38%) predominantly type 2, and 41 (53%) predominantly type 3 staining. For CAM5.2, three patients (3.5%) were completely negative; among positive cases, eight (10%) showed predominantly type 1 staining, 41 (52%) type 2, and 30 (38%) type 3.
Keratin expression and prognosis
Median overall survival time for patients with stronger and weaker AE1/AE3 was 24.7 and 13.8 months, respectively (p=0.019; Fig. 1 ). There was no difference in survival in relation to the CAM5.2 expression (p=0.44, Fig. 2 ). Staining patterns of both AE1/AE3 and CAM5.2 were not predictive for survival (p=0.38 and 0.74, respectively, Figs. 3 and 4) . In multivariate analysis adjusted for CAM5.2, the T and N stage, gender and age at diagnosis, stronger AE1/AE3 expression was the only independent predictor of increased survival (HR 0.50; 95% CI, 0.27-0.94; p=0.031).
DISCUSSION
To the best of our knowledge, we are the first to show that high expression of broad-spectrum keratin, corresponding to the high content of the keratinic intermediate filament, is a favorable prognostic factor in SCLC. Keratin expression in SCLC is weaker than in other lung cancer types, and the lack of its expression does not exclude the diagnosis of SCLC. The pathological data are corroborated by in vitro studies, which had shown that the levels of keratins expressed in SCLC cell lines were significantly lower than in the NSCLC lines (Kanaji et al., 2011) . Among seven SCLC cell lines tested, only three (H69, H209 and Lu134) displayed K8 expression, and H209 were additionally characterized by K18 and K19 expression. Other cell lines (Lu135, Lu165, TO1019 and MN1112) had barely detectable keratin levels of these proteins. In another study, the expression levels of K7, K8, K18 and K19 were4.6, 27, 17 and 3.3 times higher in the large cell neuroendocrine carcinoma cell line LCN1 than in the SCLC cell line N231, respectively (Nagashio et al., 2010) . In the same study, an immunohistochemical analysis of human tissue specimens revealed a significant difference in the frequency of K7 reaction (63% vs. 90%), whereas the reaction frequency of the remaining keratins was similar. Of note, for all keratins, the staining score was much lower for SCLC (Nagashio et al., 2010) . This observation may explain the difference in the prognostic role between AE1/AE3 and CAM5.2 in our study. Both keratin clones are widely used in surgical pathology departments. CAM5.2 contains K8 and, to a lesser extent, K7, whereas AE1/AE3 is composed of antibodies against Ks 1-8, 10, 14-16 and 19 (Ordóñez, 2013) . Importantly, our population of patients is unique as it included patients who underwent pulmonary resection. In clinical practice, the vast majority of SCLC patients is treated with chemotherapy with or without radiotherapy, and it is unknown whether the favorable prognostic role of AE1/AE3 is equally favorable for non-operated SCLC patients. Data on the prognostic impact of keratin expression in SCLC is scarce. One study reported shorter progression-free survival and overall survival in SCLC patients with positive mRNA for K19 in the peripheral blood (Shi et al., 2013) , and another study showed an adverse prognostic impact of Cyfra21-1 (a fragment of K19) in the blood samples (Ando et al., 2004) . Although the prognostic impact of the keratins' level was confirmed by multivariate analysis in both studies, they might have been still more related to the tumor burden and not to the keratin level in the tumor tissue. In contrast to the above-mentioned studies, our results suggest better prognosis for patients with positive AE1/AE3 staining, composed of antibodies against various keratins. Notably, however, our study included a highly selected subset of SCLC patients, and the question of generality of those results warrants further studies. As we did not analyze particular types of keratins, we were also unable to evaluate their potentially different prognostic role. For example, in squamous cell carcinoma of the esophagus, the negative prognostic role of K18 was much stronger than that of K8, despite the 82.4% concordance rate between the staining intensities of both. Further analyses of particular types of keratins, for example K7, K8, K18 or K19 in SCLC, may answer these questions. We are aware of the limitations of this study, in particular of its retrospective character and a long period of material collection. Within this time period, staging procedures and types of chemotherapy were subjected to substantial changes, which might have impacted patient survival. Finally, as all patients in this study were treated with surgery, the clinical relevance of our findings in SCLC patients treated with standard chemotherapy and radiation may be limited.
In conclusion, this study has shown that low AE1/ AE3 expression is an adverse prognostic factor in SCLC patients undergoing pulmonary resection.
